Intoduction. refractive surgery is still one of the most frequently performed procedures in ophthalmology. millions of patients every year are operated with surface lasers as well as with deep or lamellar lasers. The operational technique and tools are constantly improving. Aim. To examine the changes in the temperature of the corneal surface during refractive surgery procedures performed using different types of excimer lasers. Material and methods. 150 eyes of 111 patients were included in the study. The corneal surface temperature was measured with a calibrated eBro Tlc730 infrared thermometer (wTw gmBh, germany) before photorefractive keratectomy (prK), after epithelial removal and immediately after finishing the procedure. The average myopic correction was -3.9 ± 1.9 dpt (ranging from -2.5 dpt to -6.5 dpt). The average age of the patients was 25 ± 3.3 years. Results. using anova variance analysis, a statistically significant difference in the change of the temperature was found between different laser platforms. with the post hoc Bonferroni correction, a significant difference between the mel 80 (carl Zeiss meditec, Jena, germany) and the two other analyzed excimer lasers, mel 70 (carl Zeiss meditec, Jena, germany) and wavelight allegretto 400 (alcon wavelight, erlangen, germany), was found. There was no statistically significant difference between the wavelight allegretto and mel 70 excimer lasers. Conclusions. The moderate cooling effect of the different excimer laser platforms might be related to different airflow systems used in the models. it seems that the rise in the surface temperature is not a causative factor of postoperative subepithelial corneal haze when the procedure is performed with lasers using frequencies lower or equal to 400 hz.
INtrODUctION
refractive surgery is still one of the most frequently performed procedures in ophthalmology. Millions of patients every year are operated with surface lasers (PrK, PtK, LASEK, epi-LASIK) as well as with deep or lamellar lasers (LASIK, femto-LASIK). the operational technique and tools are constantly improving, for example, large beam delivery systems are now replaced by smallbeam, flying-spot lasers (1, 2) . Modern excimer lasers operate with the beam diameter smaller than 1.0 mm. the repetition frequency increased from 35 Hz in the first lasers ever used to 1000 Hz today (3, 4) . In lamellar procedures, mechanical microkeratomes were superseded by femtolasers, that provide a more even and predictable stromal bed (5) .
Many studies showed that any cut in the deeper layers of the cornea results in the increase of the higherorder aberrations, leading to visual symptoms, such as glare and halo phenomena. these complications tend to have a smaller prevalence in patients who underwent a procedure on the corneal surface (6, 7).
Femtolaser LASIK is frequently used at the depth of 90 μm. A slogan "back to the surface" was even coined among the surgeons, as nowadays, a maximally thin flap is suggested in order to preserve more untreated stromal tissue (8, 9) . corneal wound healing was a big issue at the dawn of the refractive surgery. Significant subepithelial haze frequently complicated the procedure, resulting from a large beam delivery system, longer surgery time due to less experienced surgeons, long time of the active laser procedure itself, smaller optical zone, variable depth of ablation. the diopter range and the ablation depth related to the outcomes of the treatment were not as clearly stated as today at that time (10, 11) . Poor corneal wound healing was frequently discussed on medical congresses consecrated to refractive surgery. Early publications on the refractive surgery extensively discussed the changes in surface temperature of the cornea. According to the literature (12), the changes in the corneal surface temperature vary between 4 to 96°c depending on the technique of the measurement. there are many techniques from thermal camera to thermal radiometry with very different range of temporal and spatial resolution, which can result in significant differences in the temperature measured. therefore, the technique of the measurement is very important, but the repetition rate also plays a significant role in changes of the corneal surface temperature.
Formerly, excimer lasers used short-wavelength ultraviolet (UV-c; 193 nm) and a frequency of 35 Hz, while modern excimer lasers are much faster, achieving the frequency of up to 1050 Hz. Again, the warming of the corneal surface becomes an important issue, due to the fact that the higher the frequency, the higher the change in the temperature of the cornea (13, 14) . Excessive warming may induce metabolic changes in keratocytes, leading to healing problems, reticular or floccular haze and consequent refractive regression as well as thickening of the cornea (15, 16) .
During this study, the authors examined the changes in the corneal surface temperature during surgical refractive procedures performed with an older flying spot excimer laser, MEL 70 (carl Zeiss Meditec GmBH, Jena, Germany) that operates with the frequency of 35 Hz, and newer models, MEL 80 (carl Zeiss Meditec GmBH, Jena, Germany) that uses the frequency of 250 Hz and the Wavelight Allegretto (Wavelight Inc., Erlangen, Germany) that operates with the frequency of 400 Hz.
AIM the aim of this study was to determine whether an increase in the repetitive frequency causes any immediate changes in the corneal surface temperature, and whether there is a difference in postoperative wound healing between patients who underwent surgery performed with different excimer lasers.
MAtErIAL AND MEtHODS 150 eyes of 111 patients (35 men and 76 women) were included into the study. the average age of the patients was 25.0 ± 3.3 years. Inclusion criteria were as follows: myopic or myopic astigmatic refractive error between -2.5 and -6.5 Dpt of the spherical equivalent refractive range, astigmatism of up to -2.0 cyl. Dpt. treatment groups: Group 1: MEL 70 flying spot excimer laser (carl Zeiss Meditec GmBH, Jena, Germany): n = 50 (17 men and 33 women, average age: 25.5 ± 2.7 years).
Group 2: MEL 80 flying spot excimer laser (carl Zeiss Meditec GmBH, Jena, Germany): n = 50 (15 men and 35 women, average age: 24.6 ± 3.2 years).
Group 3: Allegretto flying spot excimer laser (Wavelight Inc., Erlangen, Germany): n = 50 (18 men and 32 women, average age: 24.8 ± 3.9 years). the groups did not differ from each other significantly in age, sex and preoperative refractive error.
During the postoperative follow-up time, no difference in corneal wound healing was noted between the groups.
Procedures
All of the patients underwent medical examination before being qualified to refractive surgery. Preoperative assessment included: automated refractometry, uncorrected near and far visual acuity, best corrected far and near visual acuity with both normal and dilated pupil, corneal topography (the assessment of the anterior and posterior corneal surface) and corneal thickness measured and recorded with the Pentacam Scheimpflug device. Intraocular pressure was measured with Goldmann tonometry. Fundus examination on dilated pupil was performed.
Patients received three doses of oxybuprocaine hydrochloride before refractive surgery. corneal surface temperature was measured using a highly accurate infrared thermometer (EBrO tLc 730, WtW GmBH, Germany) before the procedure, after epithelial removal and directly after refractive treatment. the time elapsed between the measurements was also noted, enabling the calculation of the speed of temperature change in °c/min. the thermometer was calibrated. Its accuracy was 0.1°c. All the measurements were collected 3 seconds after finishing the surgical procedure, from the distance of 8 cm. the distance (D) was proportional to the measured spot size (S), with spot size amounting 1 cm, D/S = 8/1. the thermometer was equipped with integrated red light laser pointers to help identify the surface whose temperature is to be measured. the thermometer was stored in the operating room, enabling its adjustment to the environmental temperature.
After the third measurement, that was taken after the procedure, a cold (+ 4°c) BSS fluid was applied to the corneal surface for 15 seconds in order to achieve better postoperative analgesia. Afterwards, a soft contact lens was applied into the operated eye. Finally, antibiotic eye drops (tobramycin) were instilled and the patients were dismissed.
Gas and suction facilities of the excimer lasers may have a cooling effect on the corneal surface. Because of 3/2016
The change of corneal surface temperature during surface refractive surgical procedures performed using excimer lasers... that, the air velocity on the working plane of the lasers was measured with the tEStO 405-V1 anemometer (accuracy: ± 1 digit -± (0.1 m/s ± 5% of the measured value) (in the range 0 to 2 m/s), ± (0.3 m/s ± 5% of the measured value) (in the range 2.1 to 10 m/s)). the measured air velocity was 0.4 m/s for the MEL70 laser, 2.2 m/s for the MEL80 laser and 0.15 m/s for the Allegretto laser.
Environmental conditions in the operating room were stable, with temperature set to 22°c and humidity measuring 35% ± 5% (17) . rESULtS the results for different treatment groups before and after epithelial removal as well as after the treatment are represented in table 1 and figure 1 (in degrees celsius) . At the figure, the measurements taken before the epithelial removal are represented by number 1, after epithelial removal -2, and after treatment -3.
the changes in the temperature were subsequently calculated. After dividing the by through the time of the procedure, the speed of change in the temperature in °c/min was obtained.
the speed of the temperature change during the epithelial removal was -1.0°c/min for the MEL70 laser as well as for the MEL80 laser and -0.9°c/min for the Allegretto laser.
the speed of the temperature change during the treatment was -0.48°c/min for the MEL70 laser, -5.0°c/ min for the MEL 80 laser, and -1.37°c/min for the Allegretto laser (tab. 2).
After performing the one-way ANOVA variance analysis, a statistically significant difference was found between the temperature changes during the procedures using different excimer lasers. Using the post hoc Bonferroni procedure, a statistically significant difference was established between the MEL 80 excimer laser and the two other types of excimer lasers (MEL 70 and Allegretto 400) with p < 0.05. No difference was found between the Allegretto and MEL 70 excimer lasers.
there was no statistically significant difference in the average postoperative refractive error between the treatment groups. Similar findings in postoperative subepithelial corneal haze were found between the groups 1 and 6 months after refractive surgery (tab. 3).
tab. 1. the average measured temperature for the three lasers Csaba Szekrenyesi et al.
DIScUSSION
changes in the temperature of the corneal surface are of clinical importance to the processes of corneal wound healing. An excessive increase of the temperature may result in unwanted metabolic changes in keratocytes, causing excessive collagen synthesis resulting in floccular or reticular subepithelial opacities and consequent regression of achieved refractive correction (15, 16) . therefore, it may be concluded that the undercorrection of the refractive error may be the consequence not only of alterations of corneal surface due to the wound healing process, but also of the changes in the corneal surface temperature. therefore, it is important to maintain and monitor controlled environment (including constant temperature, humidity) in the operating room.
In the earlier studies, the maximal temperature rise following photorefractive keratectomy was 7.5°c (18, 19) . According to , the temperature rises by 7.35 ± 1.13°c during refractive surgery. A positive correlation was found between the attempted depth of the photoablation and the temperature rise in the cornea. Other studies reported that cooling of the cornea results in the reduction of postoperative subepithelial haze after PrK (20, 21) . thermal preconditioning was also reported to have a beneficial effect on the postoperative corneal wound healing. Heat shock proteins, activated by heating or cooling of the cornea, might play an important role in wound healing processes (22) . the authors of the study found that certain types of heat shock proteins may contribute to faster wound healing. However, the study was conducted on a mice model and has no confirmation on human subjects so far. Other studies suggest that repetition rate does not influence the final outcomes of PrK (23).
In our study, the surface temperature of the cornea decreased by on average -1.0°c with no statistical difference between the treatment groups (MEL 80, MEL 70 and Allegretto excimer lasers). Using the post hoc Bonferroni procedure, a statistically significant difference was established between the MEL 80 excimer laser and the two other types of excimer lasers (MEL 70 and Allegretto 400) with p < 0.05. No difference was found between the Allegretto and MEL 70 excimer lasers.
Different air velocity of the lasers may be a possible explanation for this observation. the MEL 80 gas suction facility enables air velocity of approximately 2.2 m/s on the working plane. On the other hand, the MEL 70 and the Allegretto gas suction facility provided a lower air velocity, 0.4 and 0.15 m/s, respectively. therefore, no statistically significant difference was found between the two lasers. cONcLUSIONS Based on our results, we conclude that the MEL 80 excimer laser, which has been able to produce the high-est air velocity, resulted in the highest temperature decrease during the procedure. the MEL 70 excimer laser, the use of which was related to the longest treatment time and had the air velocity higher than the Allegretto excimer laser, had the lowest decrease in the corneal surface temperature.
Our study has some limitations. the sensitivity of the equipment used during our examination is lower than the sensitivity of thermal radiometry, which is able to measure with temporal resolution between 0.001 and 1000 msec.
With the methods used, we could only detect temperature change of the corneal surface as big as on average 4°c between the MEL80 and Allegretto lasers. According to our clinical experience, the temperature rise seems not to be a causative factor of postoperative subepithelial corneal haze and refractive regression when using excimer lasers operating below 400 Hz.
